Abstract:
Introduction
Primary lung cancer is the leading cause of cancer-related death worldwide with an estimated 1.6 million new cases diagnosed each year [1, 2] . Non-small cell lung cancer (NSCLC) accounts for 80-85% of all lung cancers and unfortunately, over two-thirds of these will have locally advanced or metastatic disease at diagnosis [3, 4] .
In patients with metastatic NSCLC of non-squamous histology, current guidelines recommend the combination of cisplatin and pemetrexed as first line induction treatment [5] . Use of platinum-based chemotherapy beyond 4-6 cycles is not recommended due to increased toxicity [2] .
The antimetabolite pemetrexed has been advocated by the National Institute for Health and Clinical Excellence (NICE) for ongoing maintenance treatment in responsive locally advanced or metastatic nonsquamous NSCLC following induction treatment with a platinum-based chemotherapy in combination with gemcitabine, paclitaxel or docetaxel [6] . More recently, the phase III PARAMOUNT study has shown improved PFS and overall survival (OS) compared to placebo in patients treated with continuation maintenance pemetrexed following four cycles of pemetrexed and cisplatin combination first-line treatment [7, 8] .
The aim of the current study is to analyse efficacy and toxicity data for all patients receiving pemetrexed continuation maintenance treatment following pemetrexed and cisplatin induction at a large UK-based cancer centre. RESULTS: The mean number of maintenance cycles completed was 5.9 (range 1-20; median 3.0). The mean progression-free survival (PFS) was 5.2 months (range: 2-15; median: 2.0) and the 1-year PFS was 17%. Treatment was discontinued due to disease progression (71%), adverse event (21%) and death from study disease (7%). Grade 3-4 laboratory and non-laboratory adverse events were seen in 11.8 and 17.6% of patients, respectively. Anaemia was the most common adverse event (71% of all patients; 65% grade 1-2; 5.9% grade 3-4). The most common reason for withdrawal due to adverse event was declining renal function. There was a statistically significant correlation between worsening performance status and reducing number of maintenance cycles completed (Spearman's rank; R = −0.511, p = 0.036).
Forum of Clinical
DISCUSSION: The median PFS was lower than in previous studies with a higher than previously reported frequency of adverse events. Clinicians must monitor renal function and full blood counts vigilantly, especially in patients with performance status greater than 0.
Patients and Methods
All patients receiving maintenance pemetrexed for NSCLC at The University Hospital of North Staffordshire NHS Trust between March 2012 and April 2014 were retrospectively analysed via inspection of electronic patient records. Primary outcome measures were PFS and total number of maintenance cycles completed. Secondary outcome measures focussed on adverse events and need for acute hospital intervention.
Patients were eligible for the study if they had a diagnosis of NSCLC of non-squamous histology, had locally advanced or metastatic disease at diagnosis, had been treated with a combination of pemetrexed and cisplatin as first-line treatment for four cycles and had no evidence of disease progression after those four cycles. Patients were excluded if they had received any other surgical, radiotherapy or chemotherapy-based treatment prior to commencing pemetrexed and cisplatin chemotherapy.
Induction treatment consisted of four cycles of intravenous pemetrexed (Alimpta©; 500 mg/m 2 ) and intravenous cisplatin (75 mg/m 2 ) on day 1 of a 21-day cycle. Radiological progression was assessed via CT scan using the response evaluation criteria in solid tumours (RECIST 1.0) [9] . Maintenance treatment consisted of continuous cycles of intravenous pemetrexed (500 mg/m 2 ) on day 1 of 21-day cycles plus best supportive care. All patients were given prophylactic dexamethasone and ondansetron prior to pemetrexed infusion in addition to daily folic acid and hydroxycobalamin (Vitamin B12) every 3 rd cycle. Maintenance cycles were discontinued in the event of disease progression, unacceptable adverse events or clinical decision. Patients were followed up until death from study disease, discontinuation of maintenance chemotherapy or the close of study dates.
Patients received a CT scan to identify disease progression at least every three cycles or sooner if clinically indicated. Adverse events were evaluated between each maintenance cycle at outpatient clinic appointments and were recorded via the Common Terminology Criteria for Adverse Events version 3.0 [10] . Electronic hospital records were scrutinised and all unplanned admission were evaluated specifically noting the need for blood transfusions and administration of granulocyte colony stimulating factor (G-CSF). In addition, all lab results were evaluated in order to record any renal or haematological toxicity.
PFS was measured from the date of first pemetrexed maintenance dose. Survival analysis was performed using the Kaplain-Meier method. Spearman's rank correlation coefficient was used to analyse the relationship between performance status and number of completed pemetrexed cycles.
There were no human or animal rights concerns and all work was conducted in accordance with the ethical standards laid down in the 1964 declaration of Helsinki and its later amendments.
Results
There were a total of 384 NSCLC diagnoses within the study period, of which 80 received pemetrexed-based combination induction chemotherapy. After exclusions, 17 of these patients received maintenance pemetrexed and were included in this study. Exclusions included disease progression, unfavourable performance status and a history of other surgical, radiotherapy or chemotherapy treatment. Additionally, some patients chose not to continue with treatment.
Patient demographics are detailed in table 1. The mean baseline estimated glomerular filtration rate prior to the first maintenance dose of pemetrexed was 84 ml/ min (range: 59 to > 90 ml/min).
Tumour assessment following induction treatment was classed as 'partial response' in 70.6% (n = 12) and 
'stable disease' in 29.4% (n = 5). The mean number of maintenance cycles given was 5.9 (range 1-20; median 3.0). The mean PFS was 5.2 months (range: 2-15; median: 2.0) and the 1-year PFS was 17% ( figure 1 ). There was a statistically significant correlation between Eastern Cooperative Oncology Group (ECOG) performance status [11] and number of maintenance cycles completed (Spearman's rank; R = −0.511, p = 0.036) as shown in figure 2 .
At the close of the study in March 2014, 18% of patients (n = 3) were still receiving maintenance. Treatment was discontinued due to disease progression in 71% (n = 10), adverse event in 21% (n = 3) and death from study disease in 7% (n = 1) of patients. Possibly, treatment-related adverse events can be seen in Table 2 .
Grade 3-4 laboratory (haematological and biochemical) and non-laboratory adverse events were seen in 11.8% and 17.6% of patients, respectively. Anaemia was the most common adverse event (71% of all patients; 65% grade 1-2; 5.9% grade 3-4). Neutropaenia was seen in 41% of patients (grade 1-2: 35.3%; grade 3-4: 5.9%). Patients were withdrawn due to declining renal function in 11.8% (n = 2) of cases.
A total of 47% of patients (n = 8) received emergency hospital assessment during their maintenance pemetrexed treatment. A total of 35% of the study population required a blood transfusion, receiving an average of 2.8 units of packed red cells. A total of 18% of patients (n = 3) required G-CSF in response to neutropaenia.
Post-discontinuation treatment consisted of erlotinib (24%; n = 4), Denosumab (6%; n = 1) and Abraxane (6%; n = 1). Palliative radiotherapy was subsequently used in 29% of patients (n=5).
Discussion
This study found less favourable outcomes compared to the phase III PARAMOUNT study with a median PFS of 2.0 months in the current study compared to 4.4 months in the PARAMOUNT study [8] . Moreover, the PARAMOUNT study reported the mean number of cycles completed to be 7.9 compared to 5.9 in this study. A smaller phase II trial investigating the use of pemetrexed maintenance in NSCLC after a combination of carboplatin and pemetrexed induction treatment also found a favourable median PFS of 5.2 months when compared to the current study [12] . This study, therefore, suggests that pemetrexed may not be as efficacious as previously reported. However, the discrepancy in findings may be explained due to natural sampling variation in the current study as a result of a small sample size. Moreover, the PFS in this study was taken from the date of first maintenance pemetrexed dose and not the date of randomisation as in the PARAMOUNT study. Although the latter reports that the first cycle was administered within seven days of randomisation, this still represents a small source of lead time bias. In addition, the lack of a placebo control reduces the validity of the current study in its ability to suggest reduced efficacy for maintenance pemetrexed.
A further difference in study design was that patients with ECOG performance status 2 were also included in the current study whereas in the PARAMOUNT study, only patients with ECOG performance status 0 and 1 were included. In the current study, 2 patients (12%) were classified as performance status > 1. As illustrated in figure 2, this study was able to demonstrate a statistically significant relationship between increasing ECOG performance status and decreasing number of pemetrexed cycles completed. This may partly explain the unfavourable PFS and total cycle numbers completed in this study. However, this is somewhat counterbalanced by the fact that there was a greater proportion of patients classified as ECOG performance status 0 in the current study when compared to those in the PARAMOUNT study (59% PS 0 in current study; 32% PS 0 in PARAMOUNT study). Previous studies have suggested that patients with advanced NSCLC and poor ECOG performance status gain little benefit from maintenance gemcitabine [13, 14] . The current study provides evidence that increasing ECOG performance status also translates into reduced benefit from pemetrexed continuation maintenance in advanced NSCLC.
This study reported a higher rate of adverse events than in other studies [7, 12] . The total number of patients suffering at least one laboratory adverse event of any grade (82%, n = 14) and the number of patients with grade 3, 4 or 5 laboratory adverse events (12%, n = 2) was noticeably higher than in the PARAMOUNT study (any grade: 24%; G3, 4 or 5: 9%). This was also true for non-laboratory adverse events (current study: any grade 82%, G3, 4 or 5: 18%; PARAMOUNT: any grade 41%, G3, 4 or 5: 9%).
Interestingly, the final overall survival PARAMOUNT paper reported the rate of creatinine-based adverse events to be 2.5%, of which all were grade 1-2 [8] . The current study, using estimated glomerular filtration rate (eGFR) as a surrogate for renal function found that 47% of patients had grade 1-2 adverse eGFR events resulting in two patients being withdrawn from treatment. Furthermore, the current study found that 71% of all patients suffered a haemoglobin-based adverse event, with 35% of all patients receiving a blood transfusion. This was far greater than the rate of haemoglobin-based adverse events reported in the PARAMOUNT study (all grades: 14%) [7] . This suggests that the rate of adverse events for pemetrexed continuation maintenance chemotherapy may have been underestimated previously and that clinicians should closely monitor renal function and full blood count between each cycle.
This study has shown a higher than previously reported frequency of adverse events with maintenance pemetrexed and a predictable reduction in the efficacy of treatment with increasing ECOG performance status. As a result, clinicians should think carefully about initiating pemetrexed maintenance chemotherapy in any patient with even mildly limiting co-morbidity. All patients should have their renal function and full blood count vigilantly monitored between each cycle. 
